Abstract-The transmission properties of one-dimensional composite right/left-handed (CRLH) transmission line (TL) are investigated theoretically and experimented in this paper. Bragg gap depends upon a change of scale length and is sensitive to disorder, so randomness will disappear this band gap. There is another type of photonic band gap corresponding to single negative, distinct from band gaps induced by Bragg scattering, the single negative gap is invariant upon a change of scale length and is insensitive to disorder.
INTRODUCTION
The concept of left-handed materials (LHM) was first proposed by Veselago, in 1968 [1] . It was then experimental realized by Shelby using the split-ring resonators (SRR) [2] [3] [4] . But the resonant structures such as SRRs has the defect of high loss and narrow band, so an extended transmissionline (TL) approach towards LHM was proposed [5] [6] [7] . LHM is also considered to be a more general model of composite right/left-handed (CRLH) transmission line, since it also includes right-handed (RH) nature that occur naturally in practical LHMS. The novel properties of CRLH have been demonstrated such as [8] [9] [10] .
In this paper, the effect of disorder on single negative gap and Bragg gap is studied by designing the periodic and nonperiodic structure of one-dimensional composite CRLH-TL. The structure that exhibits such band gaps is explicitly designed, simulated and experimented.
THE TWO DIFFERENT GAPS IN CRLH-TL
A cell of CRLH TL is implemented by inserting series capacitor and shunt inductor into a conventional TL, which has an intrinsic series inductance and shunt capacitance. The equivalent circuit model of CRLH TL is shown in Fig. 1 . The characteristics of the structure can be explained by a dispersion curve. In the lossless case (α = 0), the ABCD matrix can be obtained from the equivalent model of Fig. 1 and the propagation constant can be determined using the standard procedure for 1-D periodic analysis of microwave networks [11, 12 ] . The resulting dispersion relation is
Where β bloch d is the Bloch propagation constant and Using the Eq. (1), the dispersion diagram is shown in Fig. 2 . From the Fig. 2 , there are two band gaps in the center frequency of 1.82 GHz and 4.9 GHz. In order to study the characteristics of the two gaps, some experiments have been done by using of the 1-D CRLH-TL. The structure was made on Teflon substrate with thickness of 1 mm and a dielectric constant of ε r = 2.6, the width of microstrip transmission line w = 2.72 mm. The length of unit cell is 20 mm with 16 units and the loading lumped-element components are L = 1.8 nH, C = 3 pF which is shown in Fig. 3(a) . The S-parameters were measured between the frequencies of 0.05-8 GHz with Agilent 8722ES vector network analyzer. In Fig. 4 , the solid curve is the measured result and the dot curse is the simulated result. There are three band gaps at center frequency about 0.5 GHz, 1.82 GHz and 5.5 GHz. The first gap is due to high-pass structure. The second band gap is between the LH passband and RH passband. The third band gap is opening at frequency about 4.6-5.6 GHz. It can be seen that the experimented result is in good agreement with the simulated result. 
CRLH-TL WITH NON-PERIODIC LENGTH OF UNITS
In order to find out a difference between the last two gaps in Fig. 4 , the CRLH-TL with nonperiodic length of each unit-cell has been designed shown in Fig. 3(b) . The length of each unit cell is random but the total length of nonperiodic structure is equal to the total length of periodic structure. In Fig. 5 , the solid curve is the measured result and the dot curse is the simulated result. With the random length of each unit cell and the total length of the structure fixed, the second band gap between 1.4 and 2.3 GHz is invariant and is the same as the second gap in the periodic structure which the results are shown in Fig. 4 . Whereas, there are several small gaps occur from 4.6-5.8 GHz. It can be to say, the third gap in periodic structure disappears with the random length of each unit cell. Fig. 6 shows the experimental dispersion diagram of the nonperiodic structure, which shows that the frequency of the second band gap is invariant but the third gap disappears. From the above discussion, it can be concluded that in the CRLH-TL, the third gap in the Fig. 4 is the Bragg gap and the second gap is single band gap which is different with the Bragg gap.
DISCUSSION
As is discussed in Section II and III, in the structure of the CRLH-TL, the gap between RH passband and LH passband is different from Bragg gap. In order to further confirm the different characteristics of the two gaps, the proposed structure in the Fig. 1 is used Why the Bragg gap doesn't disappear under the matching condition L0 C0 = L C = 50 Ω for the structure which is proposed in Fig. 1 . Another structure in Fig. 8 is proposed. Similar to the conventional CRLH TL discussed in Fig. 1 , in the lossless case (α = 0), the ABCD matrix can be obtained from the equivalent model of Fig. 8 and the propagation constant can be determined using the standard procedure for 1-D periodic analysis of microwave networks. The resulting dispersion relation is
Using the lumped-element components L = 3.75 nH, C = 1.5 pF too,
Under this matching condition, it is shown that the SNG and Bragg gap disappear simultaneously shown in Fig. 9 which is obtained from the above Eq. (2). In the Fig. 8 , the capacitor and the inductor can be considered as an ideal point, so there doesn't exist reflection. For the model of Fig. 1 , the depth of the Bragg gap is depended on the difference of impedance between capacitor and host line or between inductor and host line.
In conclusion, the gap between RH passband and LH passband comes from the local properties of each unit, but the third gap comes from the Bragg scattering. Bragg gap depends upon a change of scale length and randomness will disappear the band gap. The single negative band gap, distinct from band gaps induced by Bragg scattering, is invariant upon a change of scale length and is insensitive to disorder. 
